ABSTRACT
InTRoduCTIon
Digital subtraction angiography (DSA) is the preferred method for detecting patients with subarachnoid hemorrhage (SAH). Although it is the gold standard technique, it has the disadvantage of being invasive, and has a low but significant complication risk rate of 1% and a neurological deficit rate of 0.07-1% (5, 9) . Thus new, noninvasive, rapid, precise, cheap and applicable modalities are required for the diagnosis of intracranial aneurysms.
Computed tomography angiography (CTA) using multidetector CT scanning has been developed, which has increased the sensitivity to detect aneurysms. Three-dimensional computed tomography angiography (3D-CTA) is a fast, noninvasive and reliable method that seems to possibly replace DSA in the initial diagnosis of ruptured or unruptured aneurysms. 3D-CTA has the advantages of being non-invasive, readily available, inexpensive, performing quick reconstruction of 3-D images that allows the surgeon to rotate the images to
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become surgical view images. CTA facilitates more accurate understanding of the anatomical relationships between the aneurysm neck and the adjacent vasculature. Hence, 3D-CTA is to take the place of DSA for diagnosis and treatment management of intracranial aneurysms (2, 6, 8, 12) .
Knowing the detailed anatomic configurations of cerebral aneurysms is among the main factors affecting surgical clipping. The introduction of 64-channel CT scanners has greatly advanced the role of CTA in neurovascular imaging. The objective of this study was to report our experience with a 64-channel CT scanner as the primary choice in the detection of intracranial aneurysms. In addition, operative evaluation of specific intracranial aneurysms was compared with the simulated images obtained via 3D-CTA in patients with cerebral aneurysms.
pATIenTS-meThodS patients:
Between April 2007 and April 2013, a total of 337 aneurysms were detected in 288 patients with CTA Informed consent was obtained from patients or the relatives if patients had difficulty in responding on their own and approval of the local human investigations committee was also received. The patients consisted of 152 women and 136 men with an age range of 14-71 years and a mean age of 53.8 years. Clinical conditions of the patients were classified according to the WFNS grading system. Twenty-two patients were classified as grade 0, 132 as grade 1, 89 as grade 2, 27 as grade 3, 11 as grade 4, and 7 as grade 5 (Table I) .
Imaging:
As the primary examination, 3D-CTA was performed for patients with SAH within 1-6 hours after admission. DSA was performed in case CTA findings were negative or in the presence of aneurysm with conditions such as giant aneurysm, complex aneurysm and in the achievement of further hemodynamic information. When CTA and DSA findings of both modalities were negative, a second DSA was planned three weeks later. The CTA and DSA images were assessed on monitor or on a hard copy film by a team that consisted of three radiologists and three neurosurgeons. In discordant or complex cases, a definitive unique result was reached by consensus.
CTA Imaging
Scanning and reconstruction protocol: All patients were scanned with 64-row multislice computed tomography system (Toshiba Aquilion 64; Toshiba Medical Systems; Japan). The imaging parameters were 120 kVp, 250 mA, 125 mAs with a collimation of 64 x 0.5 mm, and a rotation time of 0.5 seconds. Image reconstruction parameters were as follows: section thickness of 0.5 mm, overlapping steps of 0.3 mm, and field of view (FOV) of 120 mm 2 . After brain scanning without contrast administration, all patients were scanned with intravenous contrast application for enhancing intracranial vessels. An iodine contrast medium of 100 mL with a concentration of 300 mg Iodine per mL (Omnipaque® 300mg I/ml, Amersham health, Ireland) was used. Infusions were performed with an automatic injector system (Mallinckrodt automatic injector). The infusion rate was adjusted as 4 mL/sec. A bolus tracking method was used for synchronization of contrast medium and scanning time.
Analysis of CT angiograms:
Following the completion of scanning, all the data sets were sent to the workstation (Vitrea 2; Vital) for further image analysis. Prior to multiformat and 3D analysis, all the source data were examined thoroughly. Axial, coronal and sagittal plane multiformat images were created. Maximum intensity projection (MIP) images with multiple thickness adjustment were achieved in all orthogonal planes. The volume rendering technique (VRT) was performed using the subset of volume data including the circle of Willis. Multiple snapshot photo files and video files from 3D volume rendering workup were obtained. All CTA images were reviewed by one experienced radiologist (HT.S). Three dimensional images that were suitable for the surgical position were created to determine the position, shape and orientation of the aneurysms by using the workstation. When necessary, bone processes within the surgical observation angle were removed. dSA imaging: Cerebral DSA was performed after multidetector CT angiography by an interventional radiologist as soon as this was clinically feasible. DSA was performed with a digital angiography unit (Toshiba Infinix VC-i, Toshiba medical systems corporation) with a 1024x1024 pixel matrix. The angiographic procedure was routinely accomplished with a standard diagnostic catheter. Bilateral selective internal carotid artery and vertebral artery injections were performed and imaged in Town, oblique and lateral projections with a contrast injection rate of 5 ml/ sec and 10 ml in each vessel (Omnipaque® 350 mg I/ml, Amersham health, Ireland). Additional angiographic images were acquired on the basis of the findings in the routine projections of DSA and the multidetector CT angiography results. Increased magnification was used for the aneurysm portion when necessary. DSA images were reviewed at the workstation. All the DSA images were reviewed in consensus by two experienced radiologists (E.C., S.G.).
Surgery
Two hundred and ninety one aneurysms were treated by pterional craniotomy. In the cranial surgery position, simulation clips served as a guide for the x, y and z axis angles in all patients. X, Y and Z values on the simulation clips were not mathematically considered. After examining the MIP and biplanar images, the aneurysm view was rotated for 360˚ with VRT to see the neck, dome and shape, and the parent arteries were also noted. By taking the sphenoid ridge, planum sphenoidale axis and anterior clinoid process as the bases, video clips of aneurysms within the surgical view were created. According to the bone landmark, the head was positioned by using a Mayfield Headrest. Later on, different angles were outlined and finally simulation clips added on optimal surgical approach angle were put out to clarify the pathology in 3D view for the neurosurgeon. Pictures and moving images were reevaluated by the neurosurgical team in the operating theatre. Microscopic images were compared with radiological images after demonstrating the aneurysm surgically.
ReSulTS
A total of 337 aneurysms were identified in 288 patients with 3D-CTA. Two hundred and forty seven patients had one, thirty five patients had two, four patients had three and two patients had four aneurysms. The rate of multiple aneurysms was 14.23%. On 3D-CTA images, aneurysm size ranged from 2 to 32 mm (mean size 8.4 mm) and 32 aneurysms were shorter than 3 mm, 71 were between 3 and 5 mm, 132 were 5-10 mm, 88 were 10-20 mm and 14 were over 20 mm. The most frequent aneurysm location was the middle cerebral artery (MCA) followed by the anterior communicating artery (AComA) as shown in Table II. A total of fifty patients underwent both 3D-CTA and DSA. For 22 patients with negative 3D-CTA, DSA was performed after 1-2 days. One aneurysm was detected at first DSA, which was located in the middle cerebral artery MCA. After reevaluation of the 3D-CTA, aneurysms could be demonstrated on 3D-CTA. The MCA aneurysm (2 mm) was at close proximity of the sphenoid ridge. For 21 patients with negative DSA and 3D-CTA, the second angiography was conducted after 20 days and no other aneurysms were identified. For 28 patients, in whom aneurysms were detected (5 giant aneurysms, 9 complex aneurysms, 8 basilar apex aneurysms, 5 Posterior inferior cerebellar artery (PICA) aneurysms, 4 Posterior cerebral artery (PCA) aneurysms), a DSA was performed.
Patients (n=247) who were diagnosed only with CTA underwent surgery for clipping 291 aneurysms with a pterional approach. The operation time interval after admission with SAH was the first 1 day in 124 patients, 1-3 days in 87 patients and more than 3 days in 36 patients. There was one additional aneurysm found in the surgery. The PCoA aneurysm, which was small in size (3 mm), was located close to the clinoid process. Fifteen distal ACA aneurysms in 13 patients were treated via the interhemispheric approach. The remaining 17 patients (8 basilar aneurysms, 5 PICA aneurysms, 4 PCA aneurysms) were treated via the endovascular procedure.
Intraoperative and 3D-CTA images in specific aneurysms
mCA aneurysms: In 118 MCA aneurysms, the direction, shape, and size of the aneurysm obtained with 3D-CTA were found to correlate with intraoperative findings ( Figure 1A , B); however, imaging findings were not adequate for small lenticulostriate (LS) group arteries. It was not possible to show these arteries at the proximity of the aneurysm neck in CTA. The position and distance of aneurysm to sphenoid wing and orientation (frontal, temporal and posterior) were determined. The distance was especially increased in elderly patients after cerebrospinal fluid drainage. In addition if a brain retractor was used, the aneurysms were away from the sphenoid wing and deep into the Sylvian fissure, their orientation was observed to have changed ACoA aneurysms: In 96 AComA aneurysms, the direction, shape, and size could be determined without error with 3D-CTA. However, in most cases special care is required for Heubner and other small perforating branches. These small vessels could not be seen in many cases on simulation clips (Figure 2A, B) . During DSA, determination of dominant ACA in AComA aneurysm is important in surgery. With CTA, dominant ACA was predicted by comparing both ACA calibrations. In addition, valuable information was obtained for successful clipping by prediction of the orientation of the aneurysm for planum sphenoidale ICA aneurysms: Seventy-seven ICA aneurysm, CTA and intraoperative findings were similar in aneurysm direction, shape, and size ( Figure 3A-D) . Small neighboring vessels (small PCoA, superior hypophyseal artery, anterior choroidal arteries) could not be demonstrated clearly. In case of paraclinoid aneurysms, the anterior clinoid process and optic strut have been used as osseous landmarks to evaluate the neck of the aneurysm. CTA demonstrates both the neck of the are required. The risk of complications is also not completely avoided (5) . DSA fails to reveal an aneurysm at an approximate false-negative rate of 5-10%, and this rate is generally due to physical limitations of the angiographic equipment that may make it difficult to obtain the optimum projection needed to detect some aneurysms (7, 25) . Also, once an aneurysm is detected, accurate visualization and measurement of its neck and relationship to the parent artery may be difficult in some of cases, impairing selection of the optimum treatment method (22).
aneurysm and these landmarks. The clinoid process and optic strut relationship is important in surgical decision making and strategy ( Figure 4A-D) . We observed no positional changes of these aneurysms after cerebrospinal fluid drainage, as the distal dural ring is tightly adherent to the ICA.
dISCuSSIon
Catheter based cerebral angiography has been the main imaging modality for the diagnosis of intracranial aneurysms for many years. This examination is an expensive technology and highly specialized medical and paramedical personnel (20) . In another study, the same author investigated 103 patients with 49 small aneurysms (<5 mm) and the overall sensitivity of 4-slice CTA for small aneurysms was 85% (19) . Sensitivity for aneurysms of 
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An accurate imaging study is also necessary to determine the indications for surgery in patients with aneurysms. Therefore, a detailed understanding of aneurysm morphology and the adjacent vasculature before clipping the aneurysmal neck is necessary to perform a safe and successful operation. Some aneurysm projections, such as a possible surgical view, are easy to obtain with 64-slice CTA but difficult to obtain with DSA. The ability to depict bone landmarks, another advantage of CTA over 2D-DSA, may play an important role in treatment planning. In our experience, the images obtained with the VRT method were far easier and quicker to evaluate than MIP images, and MIP alone was very insufficient. VRT gives better anatomical detail of the intracranial vasculature, and clearly has a role in the rapid evaluation of patients with acute SAH. 64-slice CTA images exhibit more clarity and accuracy in the relationship of aneurysms to osseous structures and adjacent branch vessels. 3D-CTA provides the ability to reproduce a preoperative surgical view. The resulting preoperative images can lead to more successful surgery: it has sensitivity and specificity that are comparable to those of digital subtraction angiography in aneurysms larger than 2 mm and it performs quick reconstruction of 3-D images, which allows the surgeon to rotate the images to obtain surgical view images. Siablis et al. used a virtual coordinate system, which consisted of three coordinate axes and was utilized in order to replicate the same position in the operating room, for ACoA and MCA aneurysms. VRT images were rotated around every axis (X,Y,Z) in order to find the optimum orientation for each patient. This meant the simultaneous complete exposure of the aneurysm neck and surrounding vessel. They conclude that preoperative simulation of the surgical view is feasible and facilitates aneurysm surgery (18) . The term "surgical view" is not a well-devised definition. Matsumoto et al. used the term "surgical simulation images" (12) whereas Futami preferred the term "preop simulation views" (8) and asserted that these images were helpful for the determination of the appropriate surgical approach and that 3D-CTA could provide data similar to operative view in other studies (16, 17) . In these studies, they suggest that with 3D reconstruction this may lead to a safer operation by making proximal control easier in the event of premature rupture. Chen W et al. used 16-slice CTA and DSA in intracranial aneurysm diagnosis on 244 patients and reviewed the intraoperative findings of the aneurysms. They found that in all of the 38 patients to which surgical treatment was applied, the surgical views correlated well with 16-slice CTA (4). Pechlivanis et al. found correlation between preoperative 3D CTA and aneurysm anatomy in a study with 100 patients performed only with CTA, even though aneurysms smaller than 2 mm and small lenticulostriate arteries could not be shown (14) . Wada et al. obtained important information preoperatively about the rupture location of 13 of 14 MCA aneurysm via preoparative CTA (23).
In our study, the term 'operative simulation view' refers to a reproduced 3D image from 64-slice CT. We did not stick to the certain angles of the X, Y, Z coordinate systems in obtaining surgical view data. Based on the surgical approach we when previous generation multislice CTs are compared with 64-slice CTA, 3D rotational DSA is the most effective method although 64-slice CTAs have increased efficiency in showing aneurysms smaller than 4mm. 64-slice CTA is excellent in the detection of intracranial aneurysms, and is better than 4-or 16-section CTAs; however, since aneurysms smaller than 3-4 mm in particular locations can be overlooked, it is suggested to use it in combination with 3D rotational DSA (13) .
This preliminary study suggests that 64 slice CTA is excellent in the detection and delineation of intracranial aneurysms. When its efficiency for small aneurysms is looked at, the efficiency of showing small aneurysms of the technologically state of the art 64-slice CTs is seen to be lower than that achieved by Chen et al. in their study where they utilized a 16-slice device (3). This makes it inevitable that the detection of cerebral aneurysm in CTA is strongly dependent on the radiologist experience in reconstructions on the workstation. MIP and VRT may be time consuming but essential, and need, in many cases, long times on the workstation, variable between 15 and 30 min, depending on operator experience.
In the preoperative period, we performed DSAs on only CTAnegative (22 patients) and aneurysm-detected (28 patients) patients in our patient group that required additional information. In our patient group, only 2 aneurysms that could not be detected initially were detected by DSA and during surgery. In the first one, a 3 mm MCA aneurysm, and in the second one, a PCoA 2 mm aneurysm was detected and the two aneurysms were visible retrospectively. The first aneurysm was small in size and adjacent to the sphenoid ridge. When the CTA was reexamined retrospectively, the aneurysm was clearly visible (Figure 5A-D) . Therefore, we think that caution is required in the interpretation of small aneurysms adjacent to bones with multislice CTA. The second aneurysm was small in size and an adjacent bone obscured the view. The PCoA aneurysm (3 mm) was at the proximity of the clinoid process in addition to the small size of the aneurysm. This patient had a carotid bifurcation aneurysm with a 22 mm diameter. When we saw the possibly bleeding aneurysm, we concluded that this aneurysm was missed during the insufficient examination at the workstation. Considering that our experience was based on limited number of cases, we believe that with longer examination time and more attention, these aneurysms can be identified. Pedersen et al. point out that as the experience of observers increase, the probability of missed aneurysms would decrease (15) . Without prejudice to the importance of experience and careful examination at the workstation, the other well-known limitation of CTA for aneurysm detection concerns PcomA aneurysms and aneurysms located close to bony structures, such as paraclinoid aneurysms (20) . In addition, it is generally difficult to distinguish a small PcomA aneurysm from an infundibular dilation, giving the false impression of a PcomA (11, 22) . In our study, false-negative result in one case was related to aneurysms in such locations. This limitation is due to the close relationship with the clinoid process. Therefore, we believe that considerable caution is required in the interpretation of small aneurysms (<3 mm) arising from the PcomA or the paraclinoid ICA at CTA.
considered for each aneurysm location, pictures or video clips were prepared through rotation from CTA data. The clips and pictures prepared at the angles where aneurysm neck was best visible were reevaluated and the most appropriate looking angle for surgery was determined. The main advantages of 3D-CTA images or video clips are that they can be rotated at any angle for clipping and the vessels around the aneurysm can be identified and preserved during surgery. In our case group, we saw that operation simulation views prepared with CTA helped us determine our approach to the aneurysm in surgery and that the surgeon had a clearer picture of the 3D aneurysm configuration in mind. 3D-CTA can help to reduce the possible early ruptures during surgery. Preoperative simulation of the surgical view is feasible, not time consuming and facilitates aneurysm surgery. In our study, 247 patients with 291 aneurysms were examined. Surgical views obtained with 64-slice CTA images correlated well with the surgical findings except 3 cases. In one of the cases, it was not possible to clip the aneurysm due to the LS arteries projecting from the aneurysm neck. In another case, the aneurysm had a larger than the expected neck with calcified plaque. In a third case, the MCA aneurysm was hidden behind the main trunk due to over-turning of the patient head and this was realized at the end of the Sylvian fissure dissection. Except those 3 cases, the 3D images were a useful tool for surgical clipping in nearly all cases.
In conclusion, apart from being less invasive and faster, 3D-CTA allows the surgeon to rotate the images as a surgical view, facilitating a more accurate understanding of the anatomic relationships between the parent artery and aneurysm neck. The reason for its production is to simulate the intraoperative view of an aneurysm and to help the neurosurgeon to conceptualize its morphological features before surgery. Keeping in mind that small aneurysms (≤ 2mm) may not be seen by CTA, DSA should be performed to plan additional strategies in addition to clipping giant and complex aneurysms where special flow dynamics are important. 3D rotational angiography seems to be advantageous with regards to the current dynamics information and 3D-CTA in that it is less invasive and can show bone structure together with the aneurysm.
